Abstract The International Committee on Taxonomy of Viruses (ICTV) Filoviridae Study Group prepares proposals on the classification and nomenclature of filoviruses to reflect current knowledge or to correct disagreements with the International Code of Virus Classification and Nomenclature (ICVCN). In recent years, filovirus taxonomy has been corrected and updated, but parts of it remain controversial, and several topics remain to be debated. This article summarizes the decisions and discussion of the currently acting ICTV Filoviridae Study Group since its inauguration in January 2012.
Introduction
The International Committee on Taxonomy of Viruses (ICTV) is a committee of the Virology Division of the International Union of Microbiological Societies (IUMS) responsible for virus taxonomy, i.e., the organization of viruses into hierarchical taxa and their nomenclature [5] . The decisions of the ICTV are informed by advice from specialist groups, the ICTV Study Groups, which generally are composed of experts on members of particular virus families [5] . Updates on virus taxonomy are published at regular intervals in the form of ICTV Reports and, between reports, in the form of Virology Division News (VDN) articles in Archives of Virology [5] . Taxonomic proposals can be made by individuals and are then evaluated by the responsible Study Group. Alternatively, the Study Group prepares proposals or works hand-in-hand with other experts to propose new taxa or nomenclature changes. Submitted official proposals are then evaluated by the ICTV Executive Committee for rationale and compliance with the International Code of Virus Classification and Nomenclature (ICVCN) [6] and, if approved, posted online for public comment (www.ictvonline.org) and forwarded to the ICTV members for ratification [5] . Here, we summarize the decisions and discussions of the currently acting ICTV Filoviridae Study Group since its inauguration in January 2012 to increase transparency of these processes for the filovirology community.
Establishment of the 2012-2014 ICTV Filoviridae Study Group
According to the Statutes of the ICTV, ICTV Study Groups are to be dissolved at regular intervals by the President of the ICTV at the time of an ICTV Plenary Session, which usually coincides with the triennial International Congress of Virology (ICV) (Statutes Article 5.1 [5] ). Consequently, Eric B. Carstens, who was confirmed as ICTV President by the ICTV membership for his second and final three-year term (Statutes Article 4.3A [5] ) during the XVth ICV in Sapporo, Japan, in September 2011, dissolved the thenacting 2010-2011 ICTV Filoviridae Study Group on September 14, 2011 . The ICTV Statutes mandate that the elected Chairs of the ICTV Executive Committee Virus Subcommittees, which are elected for a maximum of two three-year terms by the ICTV Executive Committee (Statute Article 4.3B [5] ), appoint new Chairs for all Study Groups (Statute Article 4.5 [5] ) subsequent to an ICTV Plenary Session. The Chair's task is to assemble a new Study Group for the time period until the next ICTV Plenary Session (Statute Article 4.5 [5] • Study Group decisions are made by electronic (email) voting.
• Study Group members vote according to their own opinions and not on behalf of others.
• A simple majority (9 out of 17 votes) decides a vote.
• The Study Group Chair will not break a split vote (8:8) but will postpone a decision until a clear vote is reached after extended debate.
• Any decided vote counts as the consensus of the group.
• All Study Group members abide by a decision in their own written or oral proceedings as well as in peer review (in the function of reviewer or editor) to achieve general acceptance of changes as quickly as possible.
• An absent vote by a given deadline counts as a vote in support of the majority vote at that time.
Review of decisions made by the 2010-2011 ICTV Filoviridae Study Group
The previous, 2010-2011, ICTV Filoviridae Study Group proposed broad changes to filovirus taxonomy to address problems seen with the then-current 2005-2011 taxonomy (Table 2 ) [7] . The following problems were addressed:
• in 2005, the then still commonly used virus names "Ebola virus" and "Marburg virus" were unfortunately taken to create very similar looking genus names ("Ebolavirus", "Marburgvirus") [3] . This move created continuing confusion of individual viruses and entire groups of viruses (Ebola virus vs. ebolaviruses; Marburg virus vs. marburgviruses).
• the filovirus names in use at the time did not match the commonly used virus-naming format ("xxx virus", such as "Lassa virus", "Rift Valley fever virus", "Nipah virus"). Instead, the virus names were non-Latinized binomials (e.g., "Zaire ebolavirus", "Lake Victoria marburgvirus"). Aside from being unusual, binomial virus names are problematic, as they contain genus name information. Virus name changes would be required if, for one reason or another, future reclassification required the abolishment of the genus or the reclassification of genus members into a different genus. However, virus names should remain as constant over time as possible and should therefore be unaffected by taxon name changes. • the filovirus names in use at the time were identical in spelling to the names of the species they were assigned to and only differed by the absence or presence of italics (e.g., Zaire ebolavirus was the only member of the species Zaire ebolavirus; Lake Victoria marburgvirus was the only member of the species Lake Victoria marburgvirus). This problem is found across the entire ICTV nomenclature and violates the ICVCN because viruses and species need to be clearly differentiated (Rule 3.14: "New names shall not duplicate approved names. New names shall be chosen such that they are not closely similar to names that are in use currently or have been in use in the recent past"; Rule 3.23: "A species name shall consist of as few words as practicable but be distinct from names of other taxa"; and Rule 3.24: "A species name must provide an appropriately unambiguous identification of the species" [6] ). Taxonomy experts have proposed and are in the process of addressing the problem of identical virus and species names by introducing non-Latinized binomial names for species (e.g., the species name Measles morbillivirus could be used to differentiate it from its member, measles virus) [17] . Unfortunately, in the case of filoviruses, this approach was not helpful because both the species and virus names had already been established in non-Latinized binomial form. Confusion ensued. In particular, numerous filovirus publications exist, and are still being published, in which (italicized) species names were used when (non-italicized) virus names should have been used.
• the filovirus names in use at the time were neither accepted by the filovirus community nor by the press. The virus names "Marburg virus" and "Ebola virus" continued to dominate publication titles and press reports despite the fact that these names officially did not exist anymore ("Lake Victoria marburgvirus" and "Zaire ebolavirus" should have been used instead).
• it is practice in virology that the discoverer of a virus assigns it a name and that this name is honored by the community. "Marburg virus" and "Ebola virus" were the names chosen by their discoverers (Rudolf Siegert [15] and Karl M. Johnson [4] , respectively), but these names did not exist in the 2005-2011 taxonomy anymore.
• the species name "Taï Forest ebolavirus" was officially established during a Plenary Session in 2002 for an ebolavirus discovered in Côte d'Ivoire in 1994. However, due to an oversight, this change was not incorporated into the Eighth ICTV Report and instead the unaccepted and (misspelled) "Cote d'Ivoire ebolavirus" entered the literature [3] .
• several virus acronyms ("CIEBOV", "SEBOV", "ZEBOV") were difficult to differentiate during oral proceedings.
• the taxonomy did not differentiate between the two very distinct lineages of marburgviruses ("Ravn" marburgviruses versus other marburgviruses) • a novel ebolavirus ("Bundibugyo") was discovered in Uganda [16] and needed to be classified.
• the Study Group was informed that the genomic sequence of a novel filovirus ("Lloviu") was determined. Unpublished data were shared with the group, and it became clear that this new agent would have to be classified eventually.
The 2010-2011 Study Group therefore officially proposed, among others, the following solutions [7] :
• re-instate the names "Ebola virus" and "Marburg virus"
to honor the discoverers of these viruses and to be in line with manuscript titles and press articles. Consequently, the now unsuitable virus acronym "ZEBOV" was replaced with the abbreviation used for this virus since its discovery ("EBOV"), whereas the acronym MARV, which was used in the past for both "Marburg virus" and for "Lake Victoria marburgvirus" could be retained.
• re-introduce the ebolavirus species name "Taï Forest ebolavirus" to address the oversight in the ICTV's Eighth Report.
• change the names of the viruses assigned to the species Sudan ebolavirus (Sudan ebolavirus), Reston ebolavirus (Reston ebolavirus), and Taï Forest ebolavirus (Cote d'Ivoire ebolavirus) to Sudan virus, Reston virus, and Taï Forest virus, respectively, so they adhere to common virus-naming formats and can be clearly differentiated from the respective species names, while at the same time "sounding familiar" to the filovirus research community. Consequently, new virus abbreviations needed to be introduced.
• elevate the "Ravn" lineage of marburgviruses to virus level ("Ravn virus"), but assign it to the same species as the "Marburg" lineage of marburgviruses ("Marburg virus").
• create a novel ebolavirus species for "Bundibugyo", but defer making a proposal for creating a novel species for "Lloviu" until the description of the near-complete genome of the new virus is published.
The ICTV Executive Committee accepted the taxonrelevant parts of these proposals after they had been online for one year without any opposition or comment from the virology community. The IUMS Virology Division ratified all proposals at the end of 2011 [1] . An outline of this currently official ICTV filovirus taxonomy is contrasted with the previous taxonomy in Table 2 .
Discussions and decisions by the 2012-2014 ICTV Filoviridae Study Group in 2012
Discussions on filovirus taxonomy were initiated among all Study Group members via email immediately after inauguration of the new group in January 26, 2012, and continued until the ICTV deadline for submission of new proposals for that year, on July 2, 2012.
Filovirus classification
The group members, in a 17:0 vote, confirmed that the current 2010-2011 classification of seven filoviruses into one family, two genera, and six species (Table 2, right column) was adequate and ought to be maintained. Based on the publication of a research paper describing "Lloviu" in detail [13] , the group, in a 17:0 vote, officially submitted a proposal to ICTV to establish a third filoviral genus, "Cuevavirus", including a single species, "Lloviu cuevavirus" for a new virus, Lloviu virus (LLOV). On August 2, 2012, the group was informed that there was unanimous support for this proposal by the ICTV Executive Committee ("provisionally accepted"), but that it would have to be posted for public comment before a final decision could be made. However, on November 19, 2012, the group was informed that despite the absence of public comments, the decision would be postponed to the next ICTV Executive Committee meeting in July 2013 due to perceived shortcomings of the proposal that would have to be addressed by the Study Group.
Filovirus nomenclature
Six of seventeen group members pointed out that the current filovirus nomenclature is not 100 % consistent. While most of the current species names now allowed to deduce the genus and virus name (species Sudan ebolavirus → genus Ebolavirus → Sudan virus; species Taï Forest ebolavirus → genus Ebolavirus → Taï Forest virus), this is not true for the species Zaire ebolavirus (→ genus Ebolavirus, but Ebola virus rather than "Zaire virus").
Furthermore, it became evident that the current nomenclature causes confusion among some community members because the words "Ebola virus" and "Ebolavirus/ebolavirus" and "Marburg virus" and "Marburgvirus/marburgvirus/ Marburg marburgvirus" are too similar in writing and pronunciation. Consequently, researchers are required to understand the difference and distinguish in writing between an ebolavirus (any member of the genus Ebolavirus) and Ebola virus (the member of the species Zaire ebolavirus in the genus Ebolavirus); or between a marburgvirus (any member of the genus Marburgvirus) and Marburg virus (a specific member of the species Marburg marburgvirus). Also, filovirus community members still erroneously tend to abbreviate members of taxa higher than species, and therefore often use the abbreviation "EBOV" for all ebolaviruses, rather than only Ebola virus. Several suggestions for solutions were brought forward to solve these issues:
• Ebola virus (EBOV) could be renamed "Zaire virus" and a new abbreviation could be assigned to this virus (Table 3 ).
• Advantages: the entire filovirus nomenclature would be consistent, as the species name Zaire ebolavirus would correctly predict the genus name (Ebolavirus) and the virus name (Zaire virus); the words "Ebolavirus/ebolavirus" could not be confused with the term "Ebola virus" anymore.
• Disadvantages: the term "Ebola virus" and the abbreviation "EBOV," used in virtually every publication on filoviruses since 1976 and in numerous press reports, would officially disappear. Additionally, abolishing this term is against the will of the discoverer of the virus. Finally, the problem of "Marburg virus" vs. "marburgvirus" would remain unresolved.
• Result of voting: originally 3 out of 17 votes in favor; but 2 votes reversed after conversing with the discoverer of Ebola virus (final tally 1 out of 17 votes in factor).
• Alternatively, the species name Zaire ebolavirus could be renamed Ebola ebolavirus (Table 3 ).
• Advantage: the entire filovirus nomenclature would be consistent, as the species name Ebola ebolavirus would correctly predict the genus name (Ebolavirus) and the virus name (Ebola virus).
• Disadvantage: although in line with numerous similar looking species names in zoology (Gorilla gorilla gorilla, Homo sapiens sapiens, Rattus rattus), a species name Ebola ebolavirus is not pleasing to the eye and causes confusion on the vernacular name level ("Ebola virus, assigned to the species Ebola ebolavirus, is more lethal than other ebolaviruses"…). The problem of "Marburg virus" vs. "marburgvirus" would remain unresolved.
• Result of voting: 2 out of 17 votes in favor.
• Alternatively, the genus names Ebolavirus and Marburgvirus could be changed to new names and the included species names adjusted (Table 3 ).
• Advantage: the entire filovirus nomenclature would become consistent, as "Ebola virus" would become the only filovirus name containing the word "Ebola" and "Marburg virus" would become the only filovirus name containing the word "Marburg".
• Disadvantage: all species names would have to be changed, and although the actual change would be minimal, it would most likely be perceived as radical.
• Result of voting: 2 out of 17 votes in favor. Other suggestions for nomenclature changes by Study Group members included
• reverting the species name Marburg marburgvirus to Lake Victoria marburgvirus (1 out of 17 votes in favor).
• changing the species name Taï Forest ebolavirus name to Côte d'Ivoire ebolavirus with Taï Forest virus (TAFV) as its member (originally 1 vote in favor but later withdrawn).
• changing the virus name Sudan virus (SUDV) to "Nzara virus" and giving the virus a new abbreviation (1 out of 17 votes in favor).
• returning to the old virus abbreviations REBOV, SEBOV, and ZEBOV (2 out of 17 votes in favor).
• changing the abbreviation "EBOV" for Ebola virus to something else (2 out of 17 votes in favor).
In a final tally, the Study Group members voted in favor of not changing the current nomenclature, but to continue the discussion on how to solve the "Ebola virus/ebolavirus, Marburg virus/marburgvirus" issue.
Discussions and decisions by the 2012-2014 ICTV Filoviridae Study Group in 2013
Discussions on filovirus taxonomy were re-initiated among all Study Group members via email on March 20, 2013, and continued until the ICTV deadline for submission of new proposals for this year, on June 24, 2013.
Does filovirus classification need to be changed?
Since closure of Study Group discussions in 2012, three scientific papers informing filovirus classification have been published.
The first study was conducted by Bao et al. [2] , who analyzed 52 complete or near-complete filovirus genome sequences employing the National Center for Biotechnology Information (NCBI) PAirwise Sequence Comparison (PASC) tool using local alignment based on the Basic Local Alignment Search Tool (BLAST). This study confirmed the current classification of eight filoviruses in one family, three genera, and seven species (Table 2, right column). Importantly, the study confirmed the classification of Ravn virus separately from Marburg virus and the need to classify LLOV into a new species included in a new genus [2] . Filovirus taxa demarcation criteria were determined to be 64-77 % genome similarity for species and 41-50 % genome similarity for genera [2] , which is roughly in agreement with the currently established 70 % genome similarity cutoff for species and the 50 % genome similarity cutoff for genera [7] .
The second study was published by Lauber et al. [12] , who evaluated filovirus classification using 56 complete or nearcomplete filovirus genome sequences employing Diversity Partitioning by Hierarchical Clustering (DEmARC) analysis. Once again, the current classification was confirmed, although Lauber et al. [12] identified a need for additional filovirus genomic sequence data to resolve uncertainties. The authors also suggested several different classification schemes that are possible depending on the choice of pairwise evolutionary distance (PED) levels ( Table 4) .
The studies by Bao et al. and Lauber et al. [2, 12] revealed that Lloviu virus was more closely related to ebolaviruses than to marburgviruses. Lauber et al. [12] confirmed the separate status of LLOV and suggested that the family be possibly divided into two subfamilies for the genera Ebolavirus+Cuevavirus on the one hand and Marburgvirus on the other (Table 4 ).
The third study was published by Peterson et al. and primarily addressed the classification of marburgviruses [14] . The results of the study confirmed the previous Study Group's decision to separate RAVV from MARV but suggested that RAVV be classified in its own species, separate from Marburg marburgvirus [14] , reminiscent of one possible classification suggested by Lauber et al. [12] ( Table 4 , far right column).
Based on available and published data, the current Study Group members voted unanimously (17:0) to go forward with the proposal to establish a novel species "Lloviu cuevavirus" included in a new genus "Cuevavirus" for Lloviu virus. Consequently, the ICTV Executive Committee's stated concerns about the previously submitted version of this proposal were addressed in a rebuttal; the taxoprop was updated, corrected and partially rewritten; and both the taxoprop and the rebuttal were submitted to the ICTV on June 24, 2013. The proposal was accepted by the ICTV Executive Committee on August 5, 2013 , and now awaits ratification.
The analysis by Lauber et al. suggested the possible need to establish filovirus subfamilies. The Study Group voted 15:2 against such a move at this point in time. Study Group members who voted against the establishment of subfamilies argued that at the moment no pressing scientific problem would be solved, that more data need to be accumulated before such a taxonomy change could be seriously debated, and that too many changes in filovirus taxonomy would be confusing to the filovirology community. Study Group members who voted in favor of a change argued that the establishment of subfamilies would visualize the closer relationship of LLOV to ebolaviruses compared to marburgviruses.
Alternative filovirus classifications suggested as possibilities by Lauber et al. and Bao et al. (Table 4) were not seen as beneficial by any Study Group member at this point in time (0 out of 17 votes in favor), and the current filovirus Table 4 Examples of alternative classification schemes based on DEmARC analysis (possible changes underlined) [12] Possibility 1: identical to current With "Aaa" being a placeholder for a distinct species name taxon demarcation criteria were seen as sufficiently correct for classification (0 out of 17 votes in favor of changing demarcation criteria). Finally, the Study Group voted on the question whether a novel species should be established for Ravn virus. Thirteen Study Group members voted against such a move based on the fact that it is currently impossible to distinguish between Ravn virus and Marburg virus biologically, clinically, or serologically, and based on the finding that both viruses occupy the same ecological niche (fruit bats of the species Rousettus aegyptiacus) in the same geographic area. Four Study Group members voted for the establishment of a novel species based on the rather distinct genomic sequence of Ravn virus compared to Marburg virus.
Does filovirus nomenclature need to be changed?
Since closure of Study Group discussions in 2012, an additional concern was brought to the attention of the Chair regarding the "Ebola virus vs. Ebolavirus/ebolavirus" and the "Marburg virus vs. Marburgvirus/marburgvirus" differentiation issue. The phrases "Ebola virus" and "Ebolavirus/ ebolavirus", as well as the phrases "Marburg virus" and "Marburgvirus/marburgvirus" are pronounced identically in most oral proceedings. The pronunciation of "Ebola virus" and of "Ebolavirus/ebolavirus" is theoretically different (IPA: ɛ'bɒlə vɑɪrəs vs. iːˌboʊlə'vɑɪrəs), but that this difference is rarely adhered to [7] .
The Study Group therefore re-visited the possibilities for nomenclature changes outlined in Table 3 and discussed alternatives. One Study Group member voted for changing the species name Zaire ebolavirus to Ebola ebolavirus (Table 3 , Possibility 2). One Study Group member voted for a change of filovirus genus names and subsequently a change of all species names (Table 3, Possibility 3). One Study Group member voted to change all ebolavirus names and all their abbreviations, all ebolavirus species names, the abbreviation for Marburg virus, and the species name Marburg marburgvirus, partially in contradiction to ICVCN rules (not shown). Fourteen Study Group members voted not to change the current nomenclature because any changes at this point in time would lead to increased confusion, and because it was generally felt that the differentiation of "Ebola virus" and "ebolavirus" is not intellectually challenging enough to warrant corrective action.
Other current activities of the ICTV Filoviridae Study Group
Sixteen of the 17 Study Group members also informed and voted during discussions of the larger filovirus research community regarding the establishment of a consistent nomenclature of filovirus strains, variants, and isolates for electronic databases [9] [10] [11] .
